Waste tire powder, as waste rubber WR was subjected to grafting with styrene (St) and maleic anhydride (MA). Hydrogen peroxide H 2 O 2 was used to initiate the free radical copolymerization of St onto WR. A thermal initiation was used in case of grafting of MA onto WR. Effect of initiator and monomer concentrations together with the influence of reaction temperature and reaction time were investigated. The grafting was estimated by weight, and the grafted copolymers were characterized by FT/IR, DSC and SEM to prove the grafting. It has found that the grafting increases with increase monomer and initiator concentrations. The increase in the reaction temperature and time also causes increasing levels of the grafted St and MA.
Introduction
Vulcanized waste rubber especially the scrap tires, cause several environmental problems. Recycling of waste rubber by grafting or blending with polymeric material has become an important in last decades. Surface modification of ground waste tire powder by chlorination and amination reactions, and by photo grafting using UV energy, have been studied [1] [2] [3] . Recently authors are modified the surface of rubber crumb with ozone [4] , the enhancement of mechanical properties by blending of polypropylene with ground waste rubber powder were done [5] . Also the scrap tires are used as adsorbents for adsorption of organic and inorganic solutes [6] . Grafting copolymerization methods are increasing employed, because of permanent modification effects [7, 8] . Styrene is widely used monomer for grafting reaction, due to high reactivity of benzene ring. Therefore, many efforts have been devoted to investigate the grafting of styrene onto various substrates [9, 10] . Surface graft polymerization is important because it can provide materials with tailored properties for practical application. The ground tire rubber particles can be modified by grafting with styrene and acrylate [11] . Zhang et al., show that the grafted styrene onto waste rubber powder form core-shell structure [12] . The main advantages of polystyrene are its transparency, high stiffness, excellent process ability and good dielectric properties. Pukkata et al. [13] , found that graft polymerization depend not only on the number of active site generated on rubber particles but also on feed of styrene.
Modification of different kinds of rubber using maleic anhydride (MA) is useful to enhance compatibility of immiscible blends as well as improving interfacial adhesion in polymeric composites [14] . Maleic anhydride was successfully photo grafted onto low density polyethylene film, and the surface hydrophilic properties of the grafted films were improved [15, 16] . The grafting of maleic anhydride onto natural rubber, was generally carried out in the molten state [17] [18] [19] . The initiation system used in the grafting was peroxide initiator [20] , or the shearing action [16] [17] [18] of the materials in an internal mixer at high temperature. Very limited data on preparation of MA grafted natural rubber in the solution state [21] . Different techniques have been reported to know the MA content grafted onto rubber, such as titration of acid group, gravimetry, infrared spectroscopy and so on [22] .
In this work, powdered waste tires (as waste rubber), were used as a polymer backbone for the grafting reaction with styrene and maleic anhydride.
The effect of monomers (St or MA), initiator concentration (H 2 O 2 ) (in case of St) as well as the reaction time and reaction temperature was studied. The surface chemistry of untreated and treated waste rubber (WR) was characterized by FT/IR spectroscopy, DSC thermal analysis and by scanning electron microscope (SEM).
Experimental

Materials
The ground scrap tires with an average particle size 0.2 -0.4 mm was prepared from waste tires SBR (styrenebutadiene rubber), USA, which contain about 60% SBR and 40% various additives. Styrene and maleic anhydride (Aldrich) are used without further purification. H 2 O 2 , fuming H 2 SO 4 (Fluke). The other chemical solvents and reagents used are of analytical pure grade.
Surface Grafting Process
The appropriate quantities of WR and St were added in a special designed steel reactor. The requisite amount of H 2 O 2 (initiator) were added and the reactor closed tightly at the required temperature for certain demand time. After the reaction completed, reactor is cooled and opened carefully, then the polymerization mixture was poured into acetone and leaved for 24 h. Washing of grafted polymer carried using chlorobenzene, followed by drying at 40˚C for two days to constant weight.
The above procedure was used for grafting of MA onto WR without using chemical initiator, only by thermal initiation. Sulfonation of WR and WR-g-St was carried using fuming conc. H 2 SO 4 at 80˚C for 8 h. All treated waste rubber material was dried in an oven at 40˚C for 24 h prior to further use.
Determination of Grafting Yields
Grafting yields were characterized by the following parameters:
Grafting percentage: Gp% = (A -B/B) × 100 Weight conversion: Wc% = (A ÷ B) × 100 where A and B are the weights of the grafted product and WR respectively.
Characterization Methods
FT/IR spectra were recorded using JASCO FT/IR 460 plus spectrophotometer. Scanning electron microscope (SEM) 6360 (LA) were used to investigate the microstructure of the polymers. Thermal date was obtained by using Shimadzu DSC-50 instrument.
Results and Discussion
The grafting of St or MA onto WR was performed at various conditions to get the most suitable conditions for grafting. The variables studied were temperature, time, and the amounts of monomers and initiator.
Effect of the Reaction Temperature
The graft copolymerization of St onto WR was carried out at four different temperatures ranging from 75˚C to 150˚C. The initiator and WR concentration were 0.5 and 0.25 g/ml respectively, for three days. In Table 1 , we see that at higher temperature up to 125˚C, higher level of grafted St and Gp% and Wc% increases. These are attributed to high temperature lead to dissociation of H 2 O 2 , and the free radicals increased on the WR chains leading to improve the grafting. Also at such temperature the mobility of WR chains will improved, which enhance the reaction process. Higher temperature than 125˚C cause the grafting decreased, which could be due to degradation of the grafted polymer [23, 24] . Table 2 shows the effect of temperature on the grafting of MA onto WR, at temperature ranged from 130 to 250˚C without initiator, at time 5 h and concentrations of MA and WR were 0.3 and 0.25 g. Again as temperature increase the mobility of WR chains increase, leading to reach of MA onto active sites of WR and grafting increase. However, at elevated temperature cause decompose of grafted polymer, resulting Gp% and Wc% declined.
Effect of the Reaction Time
The effect of the reaction time on the grafting of St onto WR was carried out in range of one to ten days, at 125˚C with the monomers and initiator concentrations of 0.3 and 0.6 g/ml respectively. Figure 1 shows the relationship between the reaction time and, Gp% and Wc%. It can be seen that as the reaction time increases there is an increase in Gp% and Wc% reach to their maximum after seven days, while at longer time 10 days the grafting was decreased as result of destroyed of the polymer chains.
On the other hand study the influence of time on the grafting of MA onto WR at 200˚C for 3, 5, 7, 12 h and at concentration of MA was 0.3 g WR. As show in Figure  2 , when the reaction time increases the grafting are increased these can be attributed to, at longer time the reaction between the reactive sites on WR chains and MA may be more pronounced [21].
Effect of Initiator Concentrations
The effect of H 2 O 2 concentrations on the level of grafted St onto WR, at 125˚C, for 7 days and concentration of St of 0.2 g/ml was showed in Figure 3 . As clear from the figure, the grafted St increase with an increase of the initiator concentration. This is because the increase in the imitator concentration produces more free radicals to initiate the graft copolymerization. However at the higher H 2 O 2 concentrations leads to formation of more reactive sites on WR molecules. Reactions of reactive sites on WR cause termination of backbone prior St addition. The results are in agreement with other previous studies [23, 25] .
Grafting of MA onto WR using H 2 O 2 as initiator was not giving a good results. So the grafting was studied by thermal initiation method, which gives relatively good grafting yields as mentioned before (Section 3.1).
Effect of Monomer Concentrations
The backbone of WR was grafted with different quantities of St. Experiments were performed at 125˚C, for 7 days and at initiator concentration of 0.4 g/ml, and using 0.25 g/ml of dry WR. Figure 4 shows the increase of Gp% and Wc% as St concentration increase. However at Figure 8(a) , show the micrograph fracture surface of untreated WR, which indicate the inhomogeneity in structure and larger particle size. When the WR was grafted with St, the porous surface are formed due to divide of large size particles to many segments and the particle size become smaller (Figure 8(b) ) In case of WR-g-MA picture, a porous surface was observed and surface exhibit a large particle size, and indicate the penetrating of maleic anhydride onto waste rubber backbone structure (Figure 8(c) ). sulfonated WR-g-St focused on the range of wave number 400 -4000 cm -1 . The spectra of the grafted sample ,shows two sharp bands at 1120 and 1162 cm -1 which are assigned to sulfonic group. Also, the appearance of sharp bands at 1625 cm -1 , are corresponding to aromatic ring. These will indicate the occurrence of grafting styrene onto the WR backbone. On the other hand the spectra of sulfonated WR show a relatively small band at 1157 cm -1 for sulfonic group compared with those in case of St-g-WR, which indicate the grafting of styrene ring onto rubber structure, which are available for the sulfonation. The spetra of the grafted WR with MA (WR-g-MA) are indicated in Figure 7 . There is a broad characteristic band at about 1705 cm -1 and a weak absorption band at 1833 cm -1 . These peaks are assigned to C=O group in anhydride group present in grafted maleic anhydride, which are due to symmetric (strong) and asymmetric (weak) C=O stretching vibrations of succinic anhydride rings, respectively [26, 27] .
Thermal Analyses
The DSC thermogram obtained for waste rubber is showed in Figure 9 (A), it exhibit three exothermic peaks at 252˚C, 351˚C and 505˚C and two endothermic peaks at 282˚C and 406˚C respectively. Based on reaction transition temperature of exotherms and endotherms, the transition pyrolysis temperature ranges can be set at 206˚C -282˚C, 283˚C -406˚C and 407˚C -500˚C. The first region are due to major product of pyrolysis are dipentene, the second are due to C 4 hydrocarbons, and the third stage given high yields of CH 4 , C 2 and C 3 indicating the complete decomposition of rubber, according to data of Chen & Qian [28] , and by Miguel et al. [29] .
On the other hand, the DSC curves for the WR-g-St grafted waste rubber Figure 9 (B) exhibit one endothermic peak at about 190˚C which are attributed to transition glass temperature (T g ), and other exothermic peak at about 330˚C. The DSC thermogram for WR-g-MA in Figure 9 (C) show three exothermic bands at higher temperature compared with that for waste rubber, these appear at 370˚C, 400˚C and 470˚C respectively, which reflect the crystalline structure of the grafted waste rubber as a result of penetration of MA within the WR chains. These results are also detected by previous SEM micrographs.
The future of this work in our laboratory is to obtain an ion exchanger for industrial water treatments, based on waste rubber.
Conclusion
Graft copolymers of WR and St were prepared by using hydrogen peroxide as initiator (H 2 O 2 ). However the graft copolymers of WR and MA were prepared by thermal initiation. The influences of temperature, time, and con-centrations of both monomer and initiator were studied. The grafted yields increase in both cases of the grafting with increasing monomer and initiator (in case of St) concentrations. The increase of reaction time and reaction temperature also causes increasing the grafting percentage. However the higher increasing initiator concentration, reaction time and reaction temperature cause the dissociation of the grafted polymer and lead to decrease of the grafting percentage. The grafting is confirmed by FT/IR, DSC analyses and SEM photographs of the polymers. The products are used for some application as will be appear in future publications.
